terms were found to be independent (Blaylock and Blisard 1993) , while evidence of nonnormality and heteroscedasticity of errors has been reported (Yen 1994) .
The purpose of this paper is to evaluate determinants of alcohol expenditures, and to explain important and recent empirical developments and considerations in modeling consumer expenditure behavior. We investigate household expenditures on alcohol, using a nonnormal and heteroscedastic double-hurdle model, and we accommodate skewness in the error terms by incorporating the inverse hyperbolic sine (IHS) transformation (Burbidge, Magee, and Robb 1988) in the dependent variable. The resulting specification allows for a more flexible error distribution and nests a range of specifications considered in the empirical literature, including the standard (Gaussian) double-hurdle, the IHS Tobit (Reynolds and Shonkwiler 1991) , and the Tobit models. The more flexible specification of the IHS Tobit is a methodological improvement over earlier approaches to estimating alcohol demand that allows the researcher to relax some of the restrictions of the standard Tobit model. Using household expenditure data from the 1989 and 1990 Bureau of Labor Statistics (BLS) Consumer Expenditure Diary Surveys, we present and compare results of the IHS double-hurdle and the IHS Tobit models and examine the consequences of the Tobit parameterization with a more flexible error specification.
Theoretical Model and Empirical Specification
Following the theory of consumer demand, a household makes choices among consumer goods by maximizing utility subject to a budget constraint. That is, it solves the following constrained utility maximization problem:
where y is a vector of consumer goods, p is a vector of corresponding prices, d is a vector of household characteristics, and m is the household budget. Assuming that the utility function u($) is continuous, increasing, and quasi-concave, then the notional demand for a commodity, say alcohol, can be expressed as a demand function f (p,d,m) . Since price information was not collected in the Diary Surveys, we treat the surveys as cross-sections and assume all households face the same relative prices. The expenditure equation is denoted g(d,m). The notional demand and expenditure are the results of utility maximization with only the budget constraint, given household characteristics. In practice the quantity and expenditure are also subject to a nonnegativity constraint. Therefore, the optimal expenditures (E) can be either an interior solution or a corner solution. That is,
To operationalize the model assume a linear functional form for g (@) and assume the optimal outcome is observed with errors. Then, the expenditure model can be characterized as the Tobit model (Tobin 1958) where, for household t, xt is a vector of explanatory variables, β is a conformable parameter vector, and the error term ut is distributed as N(0,σ).
Within the Tobit framework, zero observations represent corner solutions in consumer choices.
However, for commodities like alcohol, it is unlikely that all zeros in a sample represent corner solutions.
On statistical grounds, the Tobit parameterization also imposes an unnecessary restriction on the datagenerating process because the same set of variables (xt) and parameters (β) determine both the discrete probability of a non-zero outcome and the level of positive expenditures. Consequently, the probability of a non-zero outcome is tied closely to the conditional density of the positive observations and this is an undesirable property. The Tobit model has been rejected for alcohol consumption (Blaylock and Blisard 1993; Yen 1994 ) and for other applications in food demand (Haines, Guilkey, and Popkin 1988; Reynolds 1990; Wang and Jensen 1994) .
Recent analysts of alcohol demand have used the double-hurdle model, which allows separate parameterization of the participation and consumption decisions. The double-hurdle model features a participation equation zt α + εt and an expenditure equation xt β + ut such that where zt and xt are vectors of explanatory variables, α and β are vectors of parameters, and εt and ut are the error terms (Blundell and Meghir 1987; Cragg 1971) . The structure (4) suggests that two mechanisms determine consumption. For positive expenditures to occur, two Ahurdles@ have to be overcome: to participate in the market (i.e., to be a potential consuming household), and to actually consume.
Estimation of the double-hurdle model requires specification of the error structure. One commonly made assumption is that the errors εt and ut are independently and normally distributed (Haines, Guilkey, and Popkin 1988; Reynolds 1990 ). Blaylock and Blisard (1993) estimated the double-hurdle model for alcohol consumption by U.S. women by specifying a bivariate normal distribution for the error terms, allowing for dependence between the participation and consumption decisions; the results however suggested independence between the two decisions.
Besides normality, the error term ut has been assumed to be homoscedastic in most of these applications. In limited dependent variable models, however, maximum-likelihood (ML) estimates based
. otherwise and if
on the normality and homoscedasticity assumptions are inconsistent when either assumption is violated (Arabmarzar and Schmidt 1981, 1982) .
Heteroscedasticity of errors can be accommodated by allowing the standard deviation σ to vary across observations and making it a function of observed variables. Nonnormality can be accomplished by considering nonnormal error distributions. However, like the standard Tobit model, the assumption of a specific nonnormal error distribution yields models that are subject to specification errors. Another approach to nonnormality is transformation of the dependent variable. By specifying a truncated normal distribution for the transformed dependent variable, the resulting model specification allows for skewness in the original (untransformed) dependent variable. In an analysis of household consumption of alcohol in the United States, Yen (1994) incorporated the Box-Cox transformation in Cragg's double-hurdle model (Cragg 1971 ) and allowed a heteroscedastic specification for the error terms. The findings in Yen (1994) justified the concerns for nonnormality and heteroscedasticity in modeling alcohol consumption.
One problem with the Box-Cox transformation is that it cannot be performed on random variables that can take on zero or negative values. In addition, it is not scale-invariant so empirical results may vary with the unit of measurement used. More seriously, the transformed random variable cannot strictly be normal unless the Box-Cox parameter equals zero, and, with such inherent nonnormality, the parameter estimates are inconsistent (Amemiya and Powell 1981) . One transformation that is free from the drawbacks of the Box-Cox transformation is the IHS transformation. The IHS transformation has been proposed to accommodate nonnormal error terms in traditional regression models (Burbidge, Magee, and Robb 1988;  MacKinnon and Magee 1990) and in limited dependent variable models (Horowitz and Neumann 1989) . It has been applied to the Tobit model by Reynolds and Shonkwiler (1991) in modeling U.S. food demand.
In this study, we incorporate the IHS transformation in the double-hurdle model and apply the model to household expenditures of alcohol in the United States. Thus, our proposed model is a generalization of the IHS Tobit model in that the Tobit parameterization is relaxed; it is a generalization of the double-hurdle model in that nonnormality and heteroscedasticity of errors are accommodated.
The IHS transformation on random variable v can be written as which is defined over all values of θ (Burbidge, Magee, and Robb 1988 
Applying the IHS transformation to the dependent variable Et , the double-hurdle model can be modified as With the IHS transformation on the dependent variable Et , the error term ut has a better chance of satisfying the normality and homoscedasticity assumptions. Building on the empirical evidence of independence between the participation and consumption reported in the alcohol demand literature, the error terms εt and ut are assumed to be independently and normally distributed such that εt -N(0,1) and ut -N(0,σ).
Consider a zero-truncated normal density for T(Et ) (Johnson and Kotz 1970, p. 81) . Then, by a transformation of variables from Et to T(Et ), the conditional density of Et is where Φ(@) and φ(@) are the univariate standard normal distribution and density functions. In (7) To accommodate heteroscedastic errors, the standard deviation σt can be specified as where wt is a vector of variables and γ is a conformable parameter vector.
In assessing the appropriateness of the double-hurdle model, IHS transformed or not, one might note that household survey data are often collected in a relatively short sampling period. Some households record zero expenditures during the sampling period on commodities they would nevertheless purchase if . otherwise and if
observed over a longer period of time. Such zero observations could be accommodated with the infrequency-of-purchase model (Blundell and Meghir 1987) . However, for commodities like alcohol, the double-hurdle mechanism presented above may better account for the zero observations. Unfortunately, most survey data do not provide detailed enough information to distinguish the true causes of zero for each sample unit. One can, however, view the double-hurdle model as the reduced form of a structural model that augments the demand equation with separate hurdles for nonbehavioral sources of zeros, such as misreporting and infrequency of purchases (Jones and Posnett 1991) . Thus, the double-hurdle model is also appropriate for modeling demand with zero observations resulting from infrequency of purchases. In fact, in the special case when the probability of participation is estimated as a constant (i.e., when zt contains only a unity), the double-hurdle model is Aobservationally equivalent@ to a model of infrequency of purchase with corner solutions (Deaton and Irish 1984) . When the probability is specified as Φ(ztα) and is allowed to vary across observations, the double-hurdle model and infrequency-of-purchase model are only closely related, in that both specifications nest the Tobit model. While we focus on the IHS double-hurdle model in the current paper, we also report briefly the results of a test which rejects the IHS infrequency-ofpurchase model.
Marginal Effects of Variables
In limited dependent variable models, the effects of explanatory variables must be evaluated at the mean of the dependent variables. For the standard (homoscedastic and truncated normal) Tobit model, McDonald and Moffitt (1980) suggest decomposition of the unconditional mean of the dependent variable into the probability (of a positive observation) and the conditional mean. The effects of explanatory variables on these components can then be assessed. For the IHS double-hurdle model considered here, the unconditional mean can be decomposed in like manner, although the double-hurdle parameterization, IHS transformation, and heteroscedasticity specification all complicate the expressions for these components of consumption and the marginal effects of variables on these components. The marginal effects of continuous variables can be obtained by differentiating the probability, conditional mean, and unconditional mean of consumption. Based on these marginal responses, the elasticities are straightforward and can be computed using the parameter estimates. For discrete variables the calculation of elasticities is not strictly appropriate. The effects of these variables can be computed as the finite changes in probability, conditional level, and unconditional level resulting from a change in value of these variables form zero to one, one at a time, ceteris paribus.
Data
The sample for the present study was drawn from the BLS 1989 and 1990 Consumer Expenditure Diary Surveys (U.S. Department of Commerce 1989 Commerce , 1990 . Each year the Diary Survey was completed by each sample consumer unit during two consecutive one-week periods. We included only households with complete two-week information. Households with missing information for important variables were excluded, as were households with negative after-tax income. This resulted in a final sample of 9552 households, of which 4643 were drawn from the 1989 Diary Survey, and 4909 from the 1990 Diary Survey.
A total of 4411 households (or 46.18%) reported expenditures on alcohol during the two-week period.
Household expenditures on alcohol is used as the dependent variable.
iii The explanatory variables selected include household age composition, income, age of the household head, and dummy variables indicating regions of residence, education, marital status, gender, and race of the household head, home ownership, and seasonality. Although price information was not collected in the Diary survey, the regional and seasonal dummies are expected to account for much of the regional and seasonal price variations and avoid potential misspecification.
iv Detailed definitions of all variables are presented in Table 1 . The mean two-week expenditures on alcohol is $11.66 for the full sample and $25.25 for the consuming households. Sample statistics for all the variables for the full, nonconsumer, and consumer samples are presented in Table 2 .
Empirical Results
We estimated the IHS double-hurdle and the IHS Tobit models and compare the results.
However, as the infrequency-of-purchase model may also provide a plausible account for the zero observations, a heteroscedastic IHS infrequency-of-purchase model was also estimated and tested against the IHS double-hurdle model using a nonnested specification test procedure (Vuong 1989) and was rejected (z = !2.05, where z is distributed as N(0,1)).
v While in the interest of space we focus on the preferred IHS double-hurdle model and the nested IHS Tobit model in the current paper, the development and empirical results of the IHS infrequency-of-purchase model are available upon request from the authors.
Parameter Estimates
The IHS double-hurdle model was estimated by maximizing the logarithm of the likelihood functions (8). The IHS Tobit model was estimated by maximizing a separate log-likelihood function, with the univariate normal probability Φ(ztα) removed from (8). The results for both models are presented in Table 3 .
After an extensive search, three household composition variables were included in the heteroscedasticity equation. For both the participation and consumption equations, we started with an extensive list of variables, which included income, regional dummies, seasonal dummies, and other household demographic variables, and followed an empirical approach to some Aexclusion conditions.@ All seasonal dummies were insignificant in the participation equation and therefore were excluded; the exclusion of these seasonal dummies from the participation equation was supported by the likelihood-ratio As indicated above, the IHS transformation, heteroscedasticity specification, and the parameterization of both models all complicate the effects of variables, we turn to elasticities and average effects for a more careful examination of the results and comparison between the two models.
Elasticities and Average Effects
Using the ML estimates of both models, the elasticities of probability, conditional level, and unconditional level with respect to all continuous variables are computed at the sample means of all variables. The elasticity of probability indicates how a variable affects the likelihood (probability) to consume alcohol, while the elasticity of conditional level measures how a variable affects the expenditure level conditional on consumption (i.e., given that a decision is made to consume). Then, the elasticity of the unconditional level indicates the overall responsiveness of a household to a variable in the expenditures on alcohol. For statistical inferences, the standard errors for all elasticities are also computed by mathematical approximations (Yen 1994) . The results are presented in Table 4 .
Columns 2, 3, and 4 presents the elasticities computed from the IHS double-hurdle model. Most elasticities are significant at the 0.10 level or lower, which means that these elasticities are very well determined. Income has significant and positive effects on alcohol expenditures. In particular, a one percent increase in household income increases the probability of consumption by 0.21 percent, the conditional level of expenditures by 0.13 percent, and the unconditional level of expenditures by 0.34 percent. Thus, the effects of income on alcohol expenditures are small but positive. The elasticity of the unconditional level with respect to income is higher than the elasticity (0.16) reported by Blaylock and Blisard (1993) for U.S. women, vi and is very close, in reference to the standard error, to the elasticity (0.40)
reported by Yen (1994) . In terms of the decomposed effects, Yen (1994) reported a much higher elasticity of probability (0.37) and a much lower (and insignificant) elasticity of conditional level (0.04); these estimates are for alcohol consumed at home only.
The effects of numbers of household members of ages 19-64 and over 65 are not significant on the probability, but are significant on the conditional level of alcohol expenditures. Not surprisingly, the effects of the age of the household head are negative, suggesting that older households are less likely to consume alcohol and also consume less than others. Finally, the number of children (Members # 18) has a negative impact on all components (probability, conditional level, and unconditional level) of alcohol expenditures.
These results indicate that household composition is an important determinant of alcohol expenditures. The conflicting effects are possibly due to the fact that the nonlinear (IHS) transformation weakens the link between the discrete probability of a positive observation and the shape of the (now skewed) conditional distribution of the dependent variable; see also footnote 2. Thus, although the IHS Tobit model is not the preferred model in the current study, an important implication of these findings is that, in applications where zero observations truly represent corner solutions (so that the Tobit parameterization is relevant), the IHS transformation and the heteroscedasticity error specification included here may provide the flexibility necessary to model consumer behavior using the Tobit parameterization. The degree to which they will differ is an empirical question, however. In summary, comparisons of results from the IHS double-hurdle and the IHS Tobit models are mixed: some elasticities are similar, while others are notably different. The consequences of parametric misspecification are apparent.
The effects of discrete variables for both models are presented in Table 5 . Except for marital status and the three seasonal dummies, all variables have positive effects on (probability, conditional level, and unconditional level of) consumption. According to the results of the IHS double-hurdle model, relative to the rural households, the reference group in the present analysis, urban households in the Midwest are about 8 percent more likely to consume alcohol, spend about $2.93 more during the period on alcohol conditional on consumption (and about $3.07 more overall). Households with white household heads are more likely to consume alcohol and, conditional on consumption, also consume more. This finding appears to differ somewhat from that of Blaylock and Blisard (1993) , who concluded that black women have a much lower probability of being drinkers than white but, conditional on consumption, black women do not consume any differently from others. The interpretation of the effects of all other variables used in the IHS double-hurdle model are similar. The effects suggested by the IHS Tobit model are similar in direction but generally different in magnitudes from those suggested by the IHS double-hurdle model.
Concluding Remarks
This study provides an analysis of the determinants of household alcohol expenditures in the United States. The zero observations are addressed by generalizing the error distribution of the doublehurdle model. The resulting specification accommodates heteroscedastic and nonnormal errors, which have been overlooked in previous applications of the double-hurdle model in alcohol demand. We also examine the effects of explanatory variables on consumption in greater detail than has been presented in previous studies by calculating and decomposing the elasticities.
Our empirical findings suggest that the generalizations on the error distribution are warranted. We also test the Tobit model against the double-hurdle model, with more flexible error distribution on both models, and compared the elasticities calculated from both models. The standard errors calculated for these elasticities allow for a better assessment of whether the differences between these elasticities are statistically significant. The Tobit parameterization was rejected but, interestingly, based on the estimates from the two models, some elasticities are very similar both qualitatively and quantitatively, while others are notably different, between the two models. The lessons for subsequent expenditure analysis indicate that the approach to be taken is an empirical question. The traditional Tobit model may yield estimates of elasticities that are not very different in some cases. However, differences are significant for some of the estimates, and this result can only be based on the empirical analysis.
Based on the preferred IHS double-hurdle model, income, region, and household demographics such as household composition, education, home ownership, gender and age of household head, and race are among the significant determinants of household alcohol expenditures. The magnitudes of the income elasticities indicate relatively strong responses to changes in income. Changes in the quality or composition of types of alcohol purchased could explain part of these responses and are not examined here.
Higher education levels are associated with higher probabilities and levels of expenditures. Again, quality differences may be present, as well as increased acceptance of reporting alcoholic expenditures, or differences attributed to socialization. These differences, possibly associated with observed education differences, are difficult to observe in household budget surveys.
The composition of households is associated with differences in expenditures. As expected, the number of children (18 and below) reduces household expenditures on alcohol. Holding composition constant, households with younger heads have relatively higher expenditures on alcohol, a result which suggests targeting messages designed to reduce alcohol purchases to younger adults. Finally, the evidence of differences among regions holds some promise for states interested in taxation opportunities (or other policies designed to reduce alcohol consumption). Holding other factors constant, residents in the Northeast and West urban areas are more likely to purchase alcohol and spend relatively more. These results suggest greater opportunities to reduce alcohol consumption in these areas by increased taxation, for example, relative to other regions. Finally, while the current study does not address the effects of prices and institutional factors like alcohol availability (e.g., across states), collection of such information would allow the investigation of a wider range of issues and might deserve more serious attention in future surveys.
In sum, household characteristics play a relatively important role in explaining expenditures on alcohol. Additional data on prices, or at least identification of state of residence, would improve the usefulness of the data for evaluating strategies for tax effectiveness. Differences between the effects on probability of purchase and level of purchase for some factors suggest the importance of targeting consumer education selectively. Endnotes i.For the rest of the paper, Aconsumption@ refers to the Aexpenditure@ made on the commodity in question.
We expect the expenditure decision to coincide with the consumption decision. We do not address explicitly the Adurable@ component of alcohol expenditures.
ii.For the IHS Tobit model because the conditional density of Et is skewed it is no longer tied as closely to the probability of a non-zero outcome as in the standard Tobit model.
iii.Expenditures consist of the transaction costs, including excise and sales taxes, of the expenditures on alcohol acquired during the interview period for at-home or away-from-home use. They also include expenditures for gifts, but exclude purchases or portions of purchases directly assignable to business purposes.
iv.As one reviewer pointed out, state excise tax rates are often used as proxies for prices in alcohol demand studies. In addition, state laws that control the sale of alcohol are also potential explanatory variables. Unfortunately, households in the Diary Surveys are not identifiable by states.
v.The idea to accommodate infrequency of purchases in survey data is appealing, but the infrequency-ofpurchase model is also used at a cost, by ruling out other plausible causes of zero such as abstention!the major motivation behind all double-hurdle models. In addition, for computational tractability the infrequency-of-purchase model is specified with very restrictive assumptions regarding the specification of the purchase probability and the consumption-purchase relationship (Pudney 1989, pp. 179-180) . Our test result may reflect the rejection of these assumptions, not the idea of infrequency of purchases.
vi.Results are not strictly comparable because the analysis by Blaylock and Blisard (1993) was based on individual intake data, and for women only.
